Background {#Sec1}
==========

Coronary artery disease (CAD) is the foremost cause of disability and death the world over and is one of the top five causes of death in Indian population \[[@CR1]\]. Mortality from CAD in Indians is predicted to increase rapidly and overtake that of the high-income countries. Among adults over 20 years of age, there has been a two-fold rise in CAD in rural areas and a 6-fold rise in urban areas during the period from 1960 to 2002 \[[@CR2]\]. Previous studies have shown high prevalence of CAD in Asian Indians residing in the United States \[[@CR3]\]. However there are no robust and contemporary data on CAD in native Indians. In a systematic review of CAD prevalence from India, Ahmed et al. commented that none of the studies conformed to the requirements of a high-quality epidemiologic study \[[@CR4]\]. Kerala, with a population of over 33 million, is the most advanced state in epidemiological transition and has the highest prevalence of CAD risk factors in India \[[@CR5]\]. The state has been reported to be the harbinger of what the rest of India is going to face in the near future \[[@CR5]\]. The INTERHEART study reported the importance of conventional risk factors associated with CAD \[[@CR6]\]. Although the CAD risk factor prevalence is the highest in the state of Kerala, there are no recent studies on the prevalence of CAD in this state. The only one community based study in 1993 from the rural area of the southernmost district of the state reported a CAD prevalence of 7.4 % \[[@CR7]\]. The environment in Kerala is conducive for increasing the CAD risk factors \[[@CR8]\] which is likely to result in an increase in the CAD prevalence. Therefore we wanted to study the current prevalence of CAD and its major risk factors in Kerala.

Methods {#Sec2}
=======

A detailed description of the design, sample, and methods of the study has already been published \[[@CR9]\]. Briefly, this was a cross-sectional community-based study during the period from January to June 2011. We estimated the sample size based on an anticipated prevalence of 7.4 % of CAD for rural Kerala based on the data by Kutty et al. \[[@CR7]\] and 11 % for urban Kerala based on the study by Mohan et al. in Chennai \[[@CR10]\]. The total sample size was estimated to be 3000 in rural and 2400 in urban areas. Sample selection procedure is given in Fig. [1](#Fig1){ref-type="fig"}. Subjects aged 20--79 years were selected using a multistage cluster sampling procedure. In the first stage three out of the 14 districts of Kerala state were selected. The 14 districts were grouped into five northern, five southern and four central districts. From the northern group of districts, Kozhikode district was selected which included the city corporation of Kozhikode. In the southern group of districts, Thiruvananthapuram and Kollam districts had city corporations. Of these Thiruvananthapuram was selected randomly. In the central group of districts there were two districts which included corporations; Ernakulam and Thrissur. Of these Thrissur district was selected randomly. In the second stage, one ward was randomly selected from each of the three city corporation wards in the urban area. Each of the selected wards was divided into six geographic regions. One of these geographic regions was selected randomly as the study area. All the households in this area were eligible to be included in this sample. One subject between 20 and 59 years was selected using KISH method \[[@CR11]\] and all the subjects between 60 and 79 years were included.Fig. 1Sample selection procedure

In rural area, two of the Panchayats from the above three districts were randomly selected. From each of these Panchayats, one ward was randomly selected. All the households in the selected ward were eligible to be included on the sample. One subject between the age of 20 and 59 years was selected using KISH method and all subjects between 60 and 79 years were included.

Each selected individual was invited to visit an easily accessible facility with all past medical records after overnight fasting. Trained investigators collected all the relevant data.

Using a structured interview schedule, information on basic socio-economic and demographic details, smoking, physical activity, dietary habits, personal history of hypertension, dyslipidemia, diabetes mellitus and CAD were collected. The instrument also contained the Rose Angina Questionnaire (RAQ) \[[@CR12], [@CR13]\] and questions related to history of documented prior myocardial infarction, unstable angina, coronary artery bypass grafting (CABG) surgery, noninvasive investigations for CAD, coronary angiography, coronary angioplasty, documented use of drugs for CAD and hospital admission for CAD. Family history of ischemic heart disease, stroke and coronary risk factors was also recorded.

Anthropometric measurements {#Sec3}
---------------------------

Height was measured by wall-mounted stadiometer (Model 206, Seca, Hamburg Germany) to the nearest centimeter. Subjects were asked to stand upright without shoes, with their back against the wall, heels together and eyes directed forward.

Weight was measured with a portable electronic weighing scale (Model HN 283, Omron Corporation, Shimogyo-ku, Kyoto, Japan) kept on a firm horizontal surface. The subjects were asked to wear light clothing and remove footwear. Weight was recorded in kilograms to the nearest 0.5Kg. Body mass index was calculated as weight in kg/(height in meter squared) \[[@CR14]\].

Waist circumference was measured using a non-stretchable measuring tape. The subjects were asked to stand erect in a relaxed position with both feet together. Waist girth was measured at the midpoint between the iliac crest and the lower margin of the ribs at the end of expiration, to the nearest centimeter.

Blood pressure {#Sec4}
--------------

Blood pressure was recorded with electronic apparatus (model 1A2, Omron Corporation, Shimogyo-ku, Kyoto, Japan) in sitting position, on the left arm resting on a table at heart level, after the subject having rested for at least 15 min. Three readings were taken 3 min apart and the mean of the last two readings was recorded as the BP. Heart rate was also recorded.

Electrocardiogram {#Sec5}
-----------------

Resting 12 lead electrocardiogram (ECG) was performed on all subjects by trained technicians with three-channel digital ECG recorders with facility for display and measured parameters. For each lead, five consecutive complexes were recorded. Minnesota coding \[[@CR15]\] and application of CAD criteria were performed by an experienced cardiologist for the respective region; those subjects diagnosed to have CAD were re-evaluated by another cardiologist in a blinded manner. Disagreements were resolved by consensus. Similar procedure was followed for 10 % of randomly selected subjects without a diagnosis of CAD.

Biochemical investigations {#Sec6}
--------------------------

Blood samples were drawn from individuals after 10--12 h of fasting. Plasma glucose was estimated immediately, onsite using the Glucose oxidase/ peroxidase- phenol-4-amenophenazone method (GOD-PAP). Blood samples for lipid profile measurement were transported on ice packs (4--6 °C) to an accredited core laboratory (Thyrocare Technologies Ltd, Navi Mumbai, India) on the same day. Estimation was carried out within 48 h in clinical chemistry instruments (Olympus AU2700) and Advia 1800 chemistry system (Siemens) using standard commercially available kits (Agappe Diagnostics). Photometry technology was used for lipid profile. Serum cholesterol was measured by cholesterol oxidase phenol 4- aminoantipyrine peroxidase (CHOD-PAP) method and serum triglycerides by glycerol-3 -phosphate oxidase -p - aminophenzone peroxidase (GPO-PAP) method. High density lipoprotein (HDL) cholesterol was estimated by enzyme selective protection method. The reaction between cholesterol assays is suppressed by the electrostatic interaction between polyanions & cationic substances. Low-density lipoprotein (LDL) cholesterol was calculated by using Friedwald's equation.

Ethical clearance {#Sec7}
-----------------

The present study was in compliance with the Helsinki Declaration. The study was approved by the Ethics Committee of Cardiological Society of India, Kerala Chapter. Informed written consent was obtained from all participants.

Definitions used {#Sec8}
----------------

We defined coronary artery disease as: (a) Definite CAD based on any of: documented evidence of prior acute coronary syndrome (ACS) or treatment for CAD, documented history of undergoing coronary angioplasty or CABG, more than 50 % epicardial coronary stenosis by invasive coronary angiography, ECG showing pathological Q waves (any of Minnesota code 1-1-1 to 1-1-7 or 1-2-1 to 1-2-5 or 1-2-7), imaging evidence of a region of loss of viable myocardium that is thinned and has a motion abnormality, in the absence of a non-ischemic cause \[[@CR16]\], RAQ angina plus ECG changes (any of Minnesota codes 4-1-1, 4-1-2, 4-2 or 5-l, 5-2), or RAQ angina plus positive treadmill ECG (exercise-induced horizontal or down-sloping ST depression of ≥ 1 mm at 80 ms from J point), or inducible ischemia on stress imaging;(b) Probable CAD based on any of (in the absence of any of the definite criteria): RAQ angina without significant ECG changes, ECG changes (any of Minnesota Code 4-1-1,4-1-2, 4-2 or 5-1, 5-2) without RAQ angina, or positive treadmill ECG without RAQ angina. Any CAD was defined as those who satisfied either definite or probable CAD criteria.

We defined diabetes mellitus as fasting blood glucose value of ≥ 7 mmol/L and/or if there was current use of medications for diabetes \[[@CR17]\], hypertension as blood pressure ≥140 mm of Hg systolic and/or ≥90 mm of Hg diastolic and/or currently on drugs for high blood pressure \[[@CR18]\], and dyslipidemia as any of: serum total cholesterol ≥ 5.18 mmol/L, serum LDL cholesterol ≥ 3.37 mmol/L, serum HDL cholesterol \<1.04 mmol/L in men or \< 1.29 mmol/L in women, or serum triglycerides ≥1.69 mmol /L \[[@CR19]\]. We categorized body mass index (BMI) as normal (18.0--22.9 kg/m^2^), overweight (23.0--24.9 kg/m^2^), or obesity (≥25 kg/m^2^). Abdominal obesity was defined as a waist circumference of ≥90 cm in men or ≥80 cm in women \[[@CR20]\]. Physical activity levels were classified into sedentary and non-sedentary. All subjects reporting physical activity for at least 30 min a day for a minimum of 5 days a week (household activities involving physical effort, walking to and from work involving at least 30 min., manual workers, those performing leisure-time physical activity) were considered non-sedentary. All others were classified as sedentary \[[@CR21]\]. We determined the socioeconomic status of the participants using the validated standard of living Index tool developed by National Family Health Survey \[[@CR22]\]. We divided our entire sample into tertiles, based upon the index score. Participants in the upper tertile were classified as high socioeconomic group, those in the middle tertile as intermediate socioeconomic group and lower tertile as low socioeconomic group.

Statistical analysis {#Sec9}
--------------------

We entered data into CS Pro software (the US Census Bureau) version 4 · 0 for Windows. Data cleaning and statistical analysis were performed using Stata (Stata Corp, Texas, USA) version 13 · 0 for Windows. All proportions were age-adjusted using WHO population data. Frequency distribution was done for categorical variables. Comparisons of age-adjusted prevalence between different categories were done using two-tailed proportion test. The difference in the age-adjusted prevalence and its 95 % confidence intervals are provided. *P* value \<0 · 05 defined the level of statistical significance.

Results {#Sec10}
=======

Of the total 6477 individuals contacted, we could evaluate 5167 (men 40.1 %); overall response rate was 79.8 % (men 75.0 %, women 83.3 %). There were no missing data in the interview schedule, ECG or anthropometrics. Data on blood sugar and serum cholesterol were missing in 32 and 47 subjects respectively; these were excluded from analysis.

Table [1](#Tab1){ref-type="table"} depicts the demographic and behavioural characteristics of the participants by area. There were greater proportion of participants without formal education in rural area as compared to urban; those with \>10 years of education were more in urban as compared to rural area. The proportion of subjects that reported current smoking was similar in rural and urban men. There was larger proportion of vegetarianism, obesity and abdominal obesity among urban participants.Table 1Baseline demographic and behavioural characteristics of the participants by areaVariableUrbanRuralTotal(*N* = 2248)(*N* = 2919)(*N* = 5167)n(%)n(%)n(%)*P* valueAge20--291114.942257.713366.50\<0.00130--3934515.3554318.6088817.1940--4950722.5569223.71119923.2050--5949321.9353118.19102419.8260--6956625.1865022.27121623.5370--7922610.052789.525049.75SexMen97143.19110137.72207240.10\<0.001Women127756.81181862.28309559.90Socio-economic statusLow63028.02130344.64193337.41\<0.001Middle79235.2374325.45153529.71High82636.7487329.91169932.88Educational statusNo formal education873.872036.952905.61\<0.0011--4 years2089.2543714.9764512.485--10 years129457.56172959.23302358.51\>10 years65929.3155018.84120923.40Smoking^a^Never52355.5244344.0496649.59\<0.001Past11111.7822021.8733116.99Current30832.7034334.1065133.42Physical activitySedentary177078.74232879.75409879.310.371Non-sedentary47821.2659120.25106920.69Dietary habitsVegetarian1617.161103.772715.24\<0.001Non-vegetarian208792.84280996.23489694.76BMILow1114.952448.373556.88\<0.001Normal68530.53104235.76172733.48Overweight45020.0552718.0997718.94Obese99844.47110137.78209940.69Abdominal ObesityYes139462.20170958.67310360.21\<0.001No84737.80120441.33205139.79^a^ Smoking in men only

Prevalence of coronary artery disease {#Sec11}
-------------------------------------

The crude and age-adjusted prevalence of definite CAD in Kerala was 5.8 and 3.5 % respectively. The figures for men were 8.0 % and 4.8 % and for women 4.2 and 2.6 % respectively; the differences were significant across gender (*p* \< 0.001). The overall crude and age-adjusted prevalence of any CAD in Kerala was 16.6 and 12.5 % respectively. The crude and age-adjusted prevalence of any CAD in men were 14.6 and 9.8 % and in women were 17.9 and 14.3 % respectively; the prevalence was significantly higher in women as compared to men (*p* \< 0.001). Table [2](#Tab2){ref-type="table"} outlines the prevalence of CAD (any & definite) among different age groups and gender. As age increased, the prevalence of CAD increased in both gender.Table 2Crude and age-adjusted prevalence of CAD by age group and genderAge group (yrs.)MenWomenDifference (%)95 % CI*p* valueAny CADnP (%)SEnP (%)SE20--291442.781.371927.291.88−4.51(−9.07,0.04)0.06930--393066.541.425828.931.18−2.40(−6.01,1.21)0.21340--494657.101.1973414.441.30−7.34(−10.80,−3.89)\<0.00150--5938612.441.6863819.911.58−7.47(−11.99,−2.95)0.00260--6953722.721.8167925.771.68−3.05(−7.89,1.78)0.21870--7923432.053.0627029.262.772.79(−5.28,10.87)0.497All207214.580.78309517.870.69−3.29(−5.32,−1.26)0.002Age adjusted20729.800.65309514.260.69−4.46(−6.24,−2.69)\<0.001Definite CAD20--291440.000.001920.000.00\-\--30--393062.290.865820.520.301.77(0.00,3.55)0.01740--494653.870.907341.770.492.10(0.10,4.10)0.02650--593866.481.256383.130.693.34(0.54,6.14)0.01260--6953713.411.476798.981.104.42(0.83,8.02)0.01470--7923418.802.5627012.592.026.21(−0.17,12.59)0.055All20728.010.6030954.230.363.78(2.41,5.15)\<0.001Age adjusted20724.800.3930952.630.232.17(1.09,3.25)\<0.001*CAD* coronary artery disease, *P* prevalence, *SE* standard error

The prevalence of definite CAD was similar irrespective of region or religion. The prevalence of any CAD was lowest among Christians and highest among Muslims (10 vs.15.8 % *p* = 0 · 002). Of the three geographical regions of Kerala, Thirvananthapuram had lower prevalence of any CAD compared to Thrissur and Kozhikode (8.3 vs. 14.4 and 14.7 % *p* \< 0.001).

Table [3](#Tab3){ref-type="table"} depicts the age-adjusted prevalence of CAD (any and definite) by gender, age group (age ≤ 45 and \>45 years), and by area. Age-adjusted prevalence of any CAD in participants ≤45 years and \>45 years was 7.8 and 18.7 % respectively. Similarly the age-adjusted prevalence of definite CAD was 0.9 % in participants ≤45 years and 6.8 % in \>45 years. Age-adjusted prevalence of CAD (any and definite) was significantly higher in participants \>45 years (*p* \< 0.001). The prevalence of any CAD was significantly higher in rural women (15.6 %) as compared to urban women (11.7 %) (*p* \< 0.01). The overall prevalence of any CAD was higher in rural (13.2 %) than urban (11 · 3 %) area (*p* = 0.038). However, there was no difference between urban and rural areas in the overall prevalence of definite CAD (3.4 vs. 3.6 %) (*p* = 0.72).Table 3Age-adjusted prevalence of CAD by gender, age, and areaGender=/\<45 years\>45 yearsDifference (%)95 % CI*p* valuenP (%)SEnP (%)SEAny CADMen7285.120.82134415.051.04−9.92(−12.42,−7.43)\<0.001Women12399.480.92185621.081.10−11.60(−14.07,−9.13)\<0.001All19677.780.64320018.680.78−10.90(−12.69,−9.10)\<0.001Definite CADMen7281.820.4313448.430.80−6.61(−8.39,−4.84)\<0.001Women12390.360.1518565.610.58−5.25(−6.35,−4.15)\<0.001All19670.890.1832006.800.47−5.91(−6.88,−4.95)\<0.001UrbanRuralAny CADMen97110.821.0611018.940.811.88(−0.70,4.46)0.151Women127711.660.88181815.630.94−3.97(−6.40,−1.55)0.002All224811.310.68291913.230.66−1.92(−3.72,−0.12)0.038Definite CADMen9714.920.5711014.690.540.23(−1.62,2.08)0.806Women12772.240.2918182.840.33−0.60(−1.72,0.51)0.299All22483.380.2929193.570.28−0.18(−1.19,0.82)0.722*CAD* coronary artery disease, *P* prevalence, *SE* standard error

Table [4](#Tab4){ref-type="table"} shows the age-adjusted prevalence of various criteria for diagnosis of CAD. ST code, T code, and RAQ angina were significantly higher in women; all other criteria were higher in men (*p* \< 0.01). Table [5](#Tab5){ref-type="table"} represents the age-adjusted prevalence of various criteria for diagnosis of CAD among participants with any CAD. Again, most of the definite criteria for CAD were higher in men. Except ST code, T code, and RAQ angina, there was higher prevalence of various coronary artery criteria among men as compared to women (*p* \< 0.001); ST code was higher in women, while T code and RAQ angina showed no significant difference. Among participants diagnosed to have any CAD, the prevalence of known CAD was 7.8 and 2.7 % in men and women respectively. Symptomatic CAD (sum of those with known CAD and RAQ angina) was prevalent in 54 % with any CAD.Table 4Age-adjusted prevalence of various CAD parameters among the total participant populationTotalMenWomenDifference (%)95 % CI*p* value*n* = 5167*n* = 2072*n* = 3095P (%)SEP (%)SEP (%)SEQ codes0.870.111.650.240.320.081.33(0.74,1.91)\<0.001ST Code1.870.191.000.182.460.29−1.47(−2.16,−0.77)\<0.001T code5.460.353.860.466.440.49−2.59(−3.79,−1.39)\<0.001Documented ACS1.590.142.700.300.840.131.86(1.09,2.63)\<0.001Documented treatment for CAD2.260.163.550.341.390.162.17(1.27,3.07)\<0.001Angioplasty/CABG or Fibrinolysis0.440.070.960.170.050.030.91(0.48,1.34)\<0.001Angiographic Coronary stenosis0.630.091.150.190.270.070.88(0.39,1.37)\<0.001Imaging evidence of RWMA0.060.091.340.200.100.051.24(0.73,1.74)\<0.001RAQ angina6.380.354.710.447.470.51−2.76(−4.06,−1.46)\<0.001Positive treadmill ECG0.540.080.980.170.220.070.76(0.30,1.21)\<0.001Table 5Age-adjusted prevalence of various CAD parameters among any CADTotalMenWomenDifference (%)95 % CI*p* value*n* = 855*n* = 302*n* = 553P (%)SEP (%)SEP (%)SEQ codes4.880.7912.222.481.490.4010.74(6.91,14.57)\<0.001ST Code12.942.167.081.5115.142.74−8.07(−12.23,−3.91)\<0.001T code43.063.4445.846.3542.613.923.23(−3.74,10.20)0.3625Documented ACS8.680.9820.362.853.800.7116.56(11.75,21.37)\<0.001Documented treatment for CAD11.881.0526.562.955.980.7920.59(15.23,25.94)\<0.001Angioplasty/CABG or Fibrinolysis2.180.416.631.440.190.116.43(3.60,9.26)\<0.001Angiographic Coronary stenosis3.210.558.071.811.100.316.98(3.78,10.17)\<0.001Imaging evidence of RWMA3.030.468.751.560.400.198.34(5.11,11.57)\<0.001RAQ angina49.693.4443.986.4351.603.96−7.62(−14.60,−0.64)0.033Positive treadmill ECG2.740.526.261.331.120.515.14(2.27,8.01)\<0.001Q code-any of the Minnesota Q code 1-1-1 to 1-1-7 or 1-2-1 to 1-2-5 or 1-2-7; ST code-any of the Minnesota ST code 4-1-1,4-1-2 or 4--2; T code -any of the Minnesota T code 5-1 or 5-2; *ACS* acute coronary syndrome, *CABG* coronary artery bypass graft surgery, *RWMA* regional wall motion abnormality, *ECG* electrocardiogram, *P* prevalence, *SE* standard error

Coronary risk factors {#Sec12}
---------------------

Age-adjusted prevalence of major risk factors of CAD by gender and area is presented in Table [6](#Tab6){ref-type="table"}. Conventional risk factors like diabetes mellitus, hypertension, high serum cholesterol, low serum HDL cholesterol, smoking, physical inactivity, and family history of CAD were highly prevalent in the state. Except low HDL cholesterol (23.9 % in urban men vs. 27.6 % in rural men), all other major risk factors were higher in urban men as compared to rural men. This pattern was also observed in urban women as compared to rural women except high serum cholesterol (49.2 vs. 52.4 %; *p* = 0.089) and low HDL cholesterol (43.4 vs. 48.7 %; *p* =0.004).Table 6Age adjusted prevalence of major risk factors of CAD by gender and areaRisk factorAllMenWomen*p* value\*\*UrbanRural*p* value\*UrbanRural*p* value\*n%SEn%SEn%SEn%SEn%SEDiabetes513515.230.5096219.141.40109716.231.160.0831127215.400.95180412.470.730.020\<0.001Hypertension515328.440.6396739.992.04109526.241.33\<0.001127530.151.29181623.420.85\<0.001\<0.001High cholesterol512152.310.8896056.542.22109253.361.850.1487126449.231.76180552.351.350.0890.023Low HDL512038.550.8895923.921.94109227.561.690.0603126443.412.02180548.731.440.004\<0.001Smoking207228.051.1997130.452.00110126.881.480.0721\-\-\-\-\-\-\--Physical inactivity516717.450.6497130.722.06110128.771.640.3315127711.191.1918189.380.640.101\<0.001Family history516718.350.6497118.971.47110117.371.390.3467127720.371.39181816.921.020.0150.939*P* prevalence, *SE* standard error, \**p* value between urban and rural; \*\**p* value between men and women

Risk factor analysis of any and definite CAD is presented in Table [7](#Tab7){ref-type="table"}. The age adjusted prevalence of risk factors such as hypertension, low HDL and family history were significantly higher in any CAD group (*p* value \<0.01). However, higher cholesterol and smoking were higher in no CAD group. In definite CAD, all risk factors except low HDL were statistically significant (*p* value \<0.01). In addition, excluding higher cholesterol all age adjusted prevalence of these conventional risk factors was higher in definite CAD as compared to no CAD.Table 7Risk factors analysis of any and definite CADRisk factorAny CADDefinite CADYesNoDifference (%)95 % CI*p* valueYesNoDifference (%)95 % CI*p* valuen%SEn%SEn%SEn%SEDiabetes85117.071.97428414.890.522.18(−0.56,4.93)0.10629633.305.24483914.730.5018.57(13.11,24.03)\<0.001Hypertension85232.192.04430127.670.674.51(1.10,7.92)0.00829551.325.34485828.040.6423.29(17.44,29.13)\<0.001High cholesterol84947.633.24427252.820.92−5.19(−8.86,−1.51)0.00629341.015.68482853.010.88−12.00(−17.81,−6.20)\<0.001Low HDL84943.623.53427137.590.926.04(2.40,9.68)0.00129342.765.90482738.330.894.44(−1.39,10.26)0.13Smoking8556.911.02431211.800.56−4.89(−6.85,−2.94)\<0.00129715.694.42487011.220.534.46(0.23,8.69)0.019Physical inactivity85515.552.17431217.490.68−1.94(−4.62,0.74)0.17029731.025.32487017.130.6513.89(8.52,19.25)\<0.001Family history85527.063.09431217.370.669.70(6.51,12.88)\<0.00129725.294.06487018.030.657.27(2.21,12.33)0.002

Discussion {#Sec13}
==========

Prevalence of coronary artery disease {#Sec14}
-------------------------------------

Coronary artery disease has been gaining importance as a major public health problem in India. In 2003, the prevalence of CAD was estimated to be 3--4 % in rural areas and 8--10 % in urban areas according to a population-based cross sectional survey \[[@CR23]\]. Our study also showed high prevalence of CAD in Kerala. The age-adjusted overall prevalence of definite CAD was 3.5 % and any CAD was 12.5 %. We chose criteria for any CAD to detect all possible cases of CAD; for definite CAD we have avoided less specific criteria like RAQ angina, positive treadmill electrocardiogram or minor electrocardiographic changes in isolation and used combined criteria when these less specific components were incorporated.

Age-adjusted prevalence of definite CAD was higher in men. However, any CAD prevalence in women was significantly higher than in men. It is well known that women commonly have ECG with nonspecific ST --T changes and angina with normal coronary arteries; this may have resulted in overestimation of any CAD prevalence in women. In our study the prevalence of RAQ angina and ST-T changes were significantly higher among women whose proportion in rural area (62 %) was higher than that of urban area (57 %). Earlier population studies also consistently recorded much higher prevalence of CAD in women using RAQ angina and ST-T criteria for diagnosis of CAD \[[@CR24]--[@CR27]\]. It has also been noted that RAQ angina is less reliable in women \[[@CR28]\] and non-white population \[[@CR29]\]. Moreover, Patel et al. in a study from migrant South Asians observed that the value of ST-T changes alone as indicator of CAD was questionable, especially in women \[[@CR30]\].

This study showed no difference in the prevalence of definite CAD between urban and rural population of Kerala while any CAD was slightly more in the rural population. Previous studies from other parts of India have highlighted the marked urban preponderance of CAD \[[@CR25], [@CR31], [@CR32]\]. Some of the risk factors such as general obesity and abdominal obesity were higher in urban areas, whereas smoking was higher in rural area. There was no difference in physical inactivity in rural and urban areas. In most other Indian states there are huge differences between urban and rural areas. However, in Kerala these differences are either minimal or some risk factors are higher in urban while others are higher in rural as noted above. This could be the reason for not having significant difference of definite CAD prevalence in urban and rural areas of Kerala.

The overall age-adjusted prevalence of any CAD in subjects at or below the age of 45 years was 7.8 %. Our study showed a higher prevalence of CAD among young subjects compared to a previous study \[[@CR7]\]; in this 1993 study, there were no subjects with definite CAD below the age of 45 years where as we found definite CAD in 0.9 %. It is well known that coronary artery disease occurs in Indians 5--10 years earlier \[[@CR33], [@CR34]\]. The average age of first myocardial infarction in Asians is 53 years; among the three Asian populations, Chinese, Malay, and Indian, the highest age-adjusted incidence of coronary events in both sexes was in Indians \[[@CR6]\]. The age-adjusted prevalence of CAD in young subjects in our study was similar to the US data on prevalence of CAD in the young (1.2 %).

Comparisons with previous Indian studies on CAD prevalence may be problematic due to heterogeneity in period of study, sample characteristics, and criteria for diagnosis of CAD. We did a systematic search for articles in PubMed and EMBASE published during the period from 1990 to 2014 in English language on the prevalence of CAD in India by community-based surveys. We chose only studies that had a minimum sample size of 1000, and that based the diagnosis on documented history of CAD and ECG criteria. We could collect 11original articles, one systematic review \[[@CR4]\] and one meta-analysis \[[@CR35]\]. The studies were heterogeneous in terms of sampling methods, subject groups, and criteria for diagnosis. Most of the studies were from northern India. Only one study mentioned the period of field survey \[[@CR25]\]. Only one study analyzed the data for definite CAD and probable CAD separately \[[@CR7]\]. Most studies were on either rural or urban population; only four covered both the groups \[[@CR25], [@CR31], [@CR32], [@CR36]\]. Sample size calculations were reported in three studies \[[@CR7], [@CR25], [@CR31]\]. In a study from Delhi during the period from 1984 to 1987, Chadda et al. reported unadjusted prevalence of 9.7 % in urban and 2.7 % in rural inhabitants \[[@CR25]\]. The sample consisted of men and women aged 24--64 years; they used clinical history of CAD and electrocardiographic criteria for diagnosis of CAD. Gupta et al. published an epidemiological survey of urban inhabitants over 20 years of age in Rajasthan, India \[[@CR27]\]. The prevalence of CAD was 7.6 % (6 % in men and 10.4 % in women). The age distribution of the sample was consistent with that of the population. Singh et al. in 1997 surveyed an urban and rural sample of 3575 subjects between the ages 25 and 64 years from North India and reported CAD prevalence of 9 and 3.3 % respectively \[[@CR31]\]. Mohan and colleagues reported 9 % age-adjusted prevalence of CAD in an urban sample of Chennai, South India \[[@CR10]\]. More recently, another study from India noted 12.6 % crude CAD prevalence in an urban population \[[@CR37]\]. All these studies had used less specific criteria for diagnosis of CAD; definite CAD as we had analyzed had not been computed in these studies. A study from Pakistan showed a crude prevalence of definite CAD in 6.1 men and 4 % women; they found ischemic ECG changes much more prevalent in women \[[@CR38]\].

The US statistics reported 6 % age-adjusted CAD prevalence in respondents above 18 years by survey based on self-reported CAD by telephonic interview \[[@CR39]\]. The prevalence between ages 18--44 years was 1.2 %. The update on heart disease and stroke in the US reported CAD prevalence of 6.4%in adults ≥ 20 years of age. The prevalence of CAD was 7.9 for men and 5.1 % for women \[[@CR40]\]. The higher figure in the US data may be due to differences in age, sample, survey methods, and criteria for diagnosis. The reported prevalence of CAD in the United Kingdom was 3.5 % \[[@CR41]\]; this figure was similar to our data on definite CAD.

As to the figures for definite CAD, only one study \[[@CR7]\] reported the prevalence (1.4 %); they found no participant below the age of 45 years with definite CAD. However, it should be noted that the age range in this study was 25--64 years and the population was rural only. Compared to this, our data show an increase in the prevalence of definite CAD (0.9 %). Any CAD prevalence of 11.3 % in urban and 13.2 % in rural area respectively in our study was higher compared to some previous studies in the same age group and similar definition for CAD (8.1--9 % for urban and 3.5--5 % for rural) \[[@CR10], [@CR27], [@CR42], [@CR43]\]. These data indicate an increase in the prevalence of any CAD over the past two decades. The increase in prevalence of any CAD may partially be due to improvement of treatment of CAD thus allowing better survival.

The urban prevalence data in this study may be comparable to other cities of India; however, the rural figures for prevalence may not be comparable to most rural areas in rest of India since rural Kerala is different from rest of rural India in social and economic development.

Prevalence of coronary risk factors {#Sec15}
-----------------------------------

We found high prevalence of major conventional risk factors for CAD in our survey. The prevalence of various risk factors in our study like diabetes (15.2 %), hypertension (28.4 %), high cholesterol (52.3 %) and smoking in men (28.1 %) was comparable to the figures in a recent large study from Kerala, by Thankappan et al. \[[@CR5]\]. The figures were also similar in the US adult population \[[@CR44]\]. Physical activity in our study seems to be an overestimate due to the problems of self reports as has been reported by a recent study from Kerala \[[@CR45]\].

Limitations of the study {#Sec16}
------------------------

Our study was the largest and most comprehensive contemporary community-based survey on the prevalence of CAD and its risk factors from India. The geographic spread of the survey enabled us to derive meaningful inferences of prevalence from the state. We could capture all the necessary data from participants with very little missing variables. One of the limitations for our study was the sub-optimal response rate, which could reach only \~ 80 %; the response rate was lower in rural men. We could not capture the reasons for the poor response in men although we surmise that, being manual laborers many of them would be working on Sundays. As a result the sample consisted of higher proportion of women than in the general population. Sex disaggregated data will partly take care of this problem. There was significantly higher proportion of older individuals compared to the population of Kerala although age-adjustment in analysis would have removed this bias.

Conclusion {#Sec17}
==========

Our study revealed a high age-adjusted prevalence of CAD and coronary risk factors in Kerala, South India. Our study did not show any difference in the CAD prevalence in urban and rural population. Our data on prevalence of CAD are comparable to the figures from the US and the United Kingdom. Compared to previous Indian studies and the 1993 study of Kerala, this study showed higher prevalence of CAD in Kerala. The prevalence of definite CAD in Kerala increased nearly three times since 1993 without any difference in urban and rural areas. Most risk factors of CAD were highly prevalent in the state. Both population and individual level approaches are warranted to address the high level of CAD risk factors to reduce the increasing prevalence of CAD in this population.

ACS

:   acute coronary syndrome

CHOD-PAP

:   cholesterol oxidase phenol 4-aminoantipyrine peroxidase

CABG

:   coronary artery bypass grafting

CAD

:   coronary artery disease

ECG

:   electrocardiogram

GOD-PAP

:   glucose oxidase/ peroxidase-phenol-4-amenophenazone method

HDL

:   high density lipoprotein

LDL)

:   low-density lipoprotein

RAQ

:   rose angina questionnaire
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